Electronic Version 
Stylesheet Version vl.1.1 

Description 

[THIN FILM TRANSISTOR ARRAY 
SUBSTRATE AND PHOTOLITHOGRAPHY 
PROCESS AND DESIGN OF THE MASK 

THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92122605, filed August 18, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention generally relates to a thin film tran- 
sistor array substrate and a photolithography process and 
a design of the mask thereof. More particularly, the 
present invention relates to a thin film transistor array 
substrate and a photolithography process and a design of 
the mask thereof for reducing the exposure time and 
eliminate the trace generated by the junction of the expo- 
sure process. 



[0004] Description of the Related Art 

[0005] | n general, a thin film transistor liquid crystal display 

(TFT-LCD) is constructed by a thin film transistor (TFT) ar- 
ray substrate and a color filter array substrate and a liquid 
crystal layer. The thin film transistor array substrate is 
constructed by a plurality of array aligned thin film tran- 
sistors and a plurality of pixel electrodes, in which each of 
the thin film transistor is connected to a corresponding 
pixel electrodes. Each of the thin film transistors includes 
a gate, a channel layer, a drain and a source. The thin film 
transistor is generally used as a switch element of a liquid 
crystal display unit. The working principle of the thin film 
transistor is similar to that of a conventional metal oxide 
semiconductor (MOS) element having three terminals (a 
gate, a drain and a source). 

[0006] a thin film transistor array substrate is generally manu- 
factured by performing several photolithography and 
etching process steps. In other words, the thin film tran- 
sistor array substrate is manufactured by performing the 
exposure processes for several times to transform the 
patterns of a mask to the photoresist layer of a substrate. 
Next, a development process is performed to pattern the 
photoresist layer. Then, another etching process is carried 



out to etch the film layer of the substrate using the pat- 
terned photoresist layer as an etching mask to form the 
desired pattern of the component. 
[0007] | n general, the apparatus used for the exposure process 
includes a substrate stage for holding the substrate, 
which is capable of performing a two-dimensional move- 
ment, and a mask stage for holding the mask having the 
predetermined pattern and mask stage is capable of pro- 
viding a two-dimensional movement. When the exposure 
process is performed, the pattern of the mask is gradually 
transferred to the photoresist layer of the substrate by the 
projection optical system during each step of the move- 
ment of the mask stage and the corresponding movement 
of the substrate stage. The conventional exposure process 
is substantially classified into two types, namely, a one- 
time projection exposure process, that is, to transfer the 
whole pattern in the mask to the whole photoresist layer 
in one projection step. The other is the step-and-repeat 
projection exposure process (or so-called scanning type 
exposure process), that is, to transfer the pattern in the 
mask to a portion of the photoresist layer in one projec- 
tion step, and repeat the step for several times to expose 
the whole photoresist layer. In recently years, in order to 



enlarge the display area of a liquid crystal display, the 
scanning type the exposure process is more commonly 
used in the manufacturing process of large-sized liquid 
crystal display. 

[0008] | n general, a conventional mask used in a scanning type 
exposure process of a thin film transistor array substrate 
is illustrated in FIG. 1. As shown in FIG. 1, the mask 100 
includes the peripheral pattern area 110 having a left- 
sided pattern area and a right-sided pattern area and a 
central pattern area 120. The central pattern area 120 in- 
cludes a plurality of pixel patterns 122, and a plurality of 
driving element bonding patterns 124 disposed in a por- 
tion of the edge of the central pattern area 120. In addi- 
tion, the peripheral pattern area 110 includes a plurality 
of pixel patterns 112 and a plurality of peripheral circuit 
patterns 114. A portion of the edges of both sides of the 
peripheral pattern area 110 also includes a driving ele- 
ment bonding pattern 116. Thereafter, the patterns of the 
mask 100 are transferred to the photoresist layer of the 
substrate by moving the mask 100 and the substrate syn- 
chronously and performing one or a plurality of exposure 
processes to the areas. Then, these patterns are jointed 
with each other. Finally, the exposure process of the mask 



of the thin film transistor array substrate is completed. 
[0009] FIG. 2 is a schematic drawing illustrating a conventional 

thin film transistor array substrate. As shown in FIG. 2, af- 
ter the exposure process via the patterns of the left and 
right sides of the peripheral pattern area 110 of the mask 
100, the patterns of the peripheral pattern area 110 are 
transferred to the photoresist layer (not shown) of the 
substrate 150. After a development process, an etching 
process is performed to etch the film layer using the pat- 
terned photoresist layer as an etching mask, and thus the 
peripheral element area 1 10a of the left and right sides of 
the substrate 150 is formed. Each of the left and right 
sided of the peripheral element area 110a includes a pixel 
structure 112a, a peripheral circuit 114a and a driving el- 
ement bonding area 116a respectively. In addition, after 
performing a plurality of exposure processes to the cen- 
tral pattern area 120 of the mask 100, the pattern of the 
central pattern area 120 of the mask 100 is transferred to 
the photoresist layer of the substrate 150. Then, after 
performing a development process and an etching pro- 
cess using the patterned photoresist layer as an etching 
mask, central pattern areas 120a, 120b and 120c of the 
substrate 150 are formed in the film layer on the sub- 



strate 150. Wherein the central pattern areas 120a, 120b 
and 120c include pixel structures 122a and driving ele- 
ment bonding areasl24a respectively. 
[0010] Referring to FIG. 1 and FIG. 2, the pixel structures 122a of 
the central pattern areas 120a, 120b and 120c, and the 
pixel structures 112a of the peripheral element area 110a 
are connected along the junction lines LI to L4. Finally, a 
panel-display area 130 (the area surrounded by the dot- 
ted line in FIG. 2) is formed. Since the junction lines LI to 
L4 is located in the panel-display area 130, a trace along 
the junction lines LI to L4 may be generated due to the 
alignment errors of the mask 100 during the exposure 
processes. 

[0011] Accordingly, in the above-described scanning type expo- 
sure process, the advantages are as following: an excel- 
lent imaging property can be maintained, and a large- 
scale exposure area can be achieved without using a 
large-sized expose device such as a mask and a stage. 
However, in the above-described scanning type exposure 
process, some junction lines in the panel-display area are 
formed during the exposure processes by using the cen- 
tral pattern area, and the other junction lines in the panel- 
display area are formed during the transferring of the left 



and right sided pattern areas of the peripheral element 
area and that of the central pattern areas. If some align- 
ment errors occur during the alignment of the mask in the 
exposure process, some traces may be generated along 
the junction lines in the panel-display area, then the uni- 
formity of the brightness of the whole panel may be re- 
duced. 
Summary of Invention 

[0012] Accordingly, the purpose of the present invention is to 

provide a thin film transistor array substrate and the pho- 
tolithography process and the design of the mask thereof, 
in order to solve the issue of the reduction of the unifor- 
mity of the brightness due to the alignment errors in the 
multi-exposure processes. 

[0013] As embodied and broadly described herein, the present 

invention provides a design of a mask for a thin film tran- 
sistor array substrate, wherein the mask has a display ele- 
ment area and a non-display element area. The mask is 
constructed by, for example but not limited to, a plurality 
of pixel patterns, a plurality of peripheral circuit patterns 
and a plurality of stitching pixel patterns. The pixel pat- 
terns are disposed in the display element area, the pe- 
ripheral circuit patterns are disposed in the non-display 



element area, and the stitching pixel patterns are dis- 
posed in the non-display element area adjacent to the 
display element area. 

[0014] | n the design of the mask of the thin film transistor array 
substrate of the present invention, the non-display ele- 
ment area is disposed on both sides of the display ele- 
ment area, and a plurality of driving element bonding pat- 
terns, for example, can also be disposed at the edge of 
the display element area. 

[0015] According to the above-described design of the mask for 
the thin film transistor array substrate, the present inven- 
tion provides a photolithography process. First of all, a 
mask for the thin film transistor array substrate of the 
present invention is provided. Then, the mask is set above 
a substrate, wherein a photoresist layer is formed on the 
substrate. Then the display element area of the mask is 
blocked, and an exposure process to the photoresist layer 
by using the non-display element area is performed. Next, 
the non-display element area of the mask is blocked, and 
at least one or more exposure processes to the photore- 
sist layer by using the display element area is performed. 
Finally, a development process is performed to pattern the 
photoresist layer. Thus a plurality of pixel patterns are 



formed in the photoresist layer corresponding to the dis- 
play element area, and a plurality of peripheral circuit pat- 
terns and a plurality of stitching pixel patterns are formed 
in the photoresist layer corresponding to the non-display 
element area. Wherein each one of the stitching pixel pat- 
terns is connected with a corresponding pixel pattern. 
[0016] Accordingly, after the above-described exposure process 
of the thin film transistor array substrate, and an etching 
process of the film layer of the substrate using the pat- 
terned photoresist layer as an etching mask are per- 
formed, the thin film transistor array substrate of the 
present invention can be formed. The thin film transistor 
array substrate of the present invention has a non- 
panel-display area and a panel-display area. The thin film 
transistor array substrate is constructed by, for example, 
a plurality of pixel structures, a plurality of peripheral cir- 
cuits and a plurality of stitching pixel structures. The pixel 
structures are disposed in the panel-display area, and the 
peripheral circuits are disposed in the non-panel-display 
area. In addition, the stitching pixel structures are dis- 
posed in the non-panel-display area, and each of the 
stitching pixel structures and each of the pixel structures 
are correspondingly connected in the non-panel-display 



area. 

[0017] | n t he thin film transistor array substrate of the present 
invention, the non-panel-display area is disposed at both 
sides of the panel-display area. In addition, the thin film 
transistor array substrate of the present invention also in- 
cludes, for example, but not limited to, a plurality of driv- 
ing element bonding areas, wherein the driving element 
bonding areas are disposed at the edges of the panel- 
display area. 

[0018] Accordingly, in the design of the mask of the thin film 

transistor array substrate of the present invention, a plu- 
rality of stitching pixel patterns and a plurality of periph- 
eral circuit patterns are disposed in the non-display ele- 
ment area but no driving element bonding area is dis- 
posed in the non-display element area, and a plurality of 
pixel patterns are disposed in the display element area. 
Moreover, by performing the exposure process of the thin 
film transistor array substrate of the present invention via 
a plurality of masks designed by the present invention, a 
plurality of exposure and development processes to the 
display element area and the non-display element area of 
the photoresist layer can be achieved. Finally, after the 
etching process of the film layer of the substrate using the 



patterned photoresist layer as an etching mask is per- 
formed, the thin film transistor array substrate of the 
present invention is achieved. 

[0019] | n another embodiment of the invention, a thin film tran- 
sistor (TFT) array substrate having a non-panel-display 
area and a panel-display area is provided. The TFT array 
substrate includes, for example but not limited to, a plu- 
rality of pixel structures, first stitching pixel structures, 
peripheral circuits and second stitching pixel structures. 
The pixel structures and the first stitching pixel structures 
are disposed in the panel-display component, in which 
the stitching pixel structures are adjacent to the pixel 
structures. The peripheral circuits and the second stitch- 
ing pixel structures are disposed in the non-panel-display 
area. In addition, the first stitching pixel structures of the 
panel-display component and the second stitching pixel 
structures of the non-panel-display area are connected in 
the non-panel-display area. 

[0020] Accordingly, in the design of mask and the exposure pro- 
cess of the thin film transistor array substrate of the 
present invention, the stitching pixel pattern transferred 
from the non-display element area and the pixel pattern 
transferred from the display element area are aligned and 



connected. In other words, the connection area of the 
conventional pixel pattern is shifted to a portion outside 
the panel-display area of the thin film transistor array 
substrate, in order to reduce the generation of the trace 
during the connection of the exposure process. Moreover, 
in the design of the mask of the present invention, the 
non-display element area only includes the peripheral cir- 
cuit patterns and the stitching pixel structure used for the 
connection of the exposure process. Therefore, the width 
occupied by of the non-display element area in the whole 
mask can be reduced, and the width occupied by the dis- 
play element area in the whole mask can be increased rel- 
atively. Thus, when the exposure process of the thin film 
transistor array substrate of the present invention is pro- 
vided, the time of each exposure process is advanta- 
geously reduced to achieve the same display element area 
of a thin film transistor array substrate in comparison with 
that of a prior art. Thus, the throughput of the exposure 
process is enhanced. 
[0021] | t j S t0 De understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 



Brief Description of Drawings 

[0022] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0023] FIG. 1 is a schematic drawing illustrating a conventional 
mask. 

[0024] FIG. 2 is a schematic drawing illustrating a conventional 
thin film transistor array substrate. 

[0025] FIG. 3 is a schematic drawing illustrating a design of a 
mask for a thin film transistor array substrate according 
to an embodiment of the present invention. 

[0026] FIG. 4a to FIG. 4e are schematic drawings illustrating a 
photolithography process flow of the thin film transistor 
array substrate according to an embodiment of the 
present invention. 

[0027] FIG. 5 is a schematic drawing illustrating a flat panel of 

the thin film transistor array substrate. 
Detailed Description 

[0028] Hereinafter, the design of the mask of the thin film tran- 



sistor array substrate of the present invention will be de- 
scribed, and an exemplary embodiment of one of the ex- 
posure process of the thin film transistor array substrate, 
and the achieved thin film transistor array substrate after 
the development and etching process of the present in- 
vention will be described in more details in accordance 
with the illustrated figures. 

[0029] FIG. 3 is a schematic drawing illustrating a design of a 
mask for a thin film transistor array substrate according 
to an embodiment of the present invention. Referring to 
FIG. 3, a mask 200 includes a display element area 210 in 
the middle part of the mask 200, and a non-display ele- 
ment area 220 in the both sides of the mask 200. The 
display element area 210 includes, for example, but not 
limited to, a pixel pattern 212 and a plurality of driving 
element bonding patterns 214. The non-display element 
area 220 includes, for example but not limited to, periph- 
eral circuit patterns 222 and stitching pixel patterns 224, 
but no driving element bonding patterns. In addition, the 
non-display element area 220 may includes a left-sided 
non-display element area 220a and a right-sided non- 
display element area 220b. 

[0030] FIG. 4a to FIG. 4e are schematic drawings illustrating a 



photolithography process flow of the thin film transistor 
array substrate according to an embodiment of the 
present invention. Referring to FIG. 4a, first of all, the 
above-described mask 200 is set above a substrate 300, 
wherein a film layer 301 is formed on the substrate 300 
and a photoresist layer 302 is formed on the film layer 
301. Then the display element area 210 and the right- 
sided non-display element area 220b of the mask 200 are 
blocked, and an exposure process is performed over the 
photoresist layer 302 using the pattern of the left-sided 
non-display element area 220a. Therefore, the pattern of 
the left-sided non-display element area 220a of the mask 
200 (including the peripheral circuit patterns 222 and the 
stitching pixel pattern 224) is transferred to the photore- 
sist layer 302. 

[0031] Referring to FIG. 4b, the left-sided non-display element 
area 220a and the right-sided non-display element area 
220b of the mask 200 are blocked, and a first exposure 
process is performed over the photoresist layer 302 using 
the pattern of the display element area 210. Therefore, 
the pattern of the display element area 2 10 of the mask 
200 (including the pixel pattern 212 and the driving ele- 
ment bonding patterns 214) is transferred to the photore- 



sist layer 302. It is noted that, in the photoresist layer 
302, the pixel pattern image 312a transferred from the 
display element area 2 10 of the mask 200 must be pre- 
cisely connected and aligned with the stitching pixel pat- 
tern image 324 transferred from the left-sided non- 
display element area 220a of the mask 200. 
[0032] Referring to FIG. 4c, the left-sided non-display element 
area 220a and the right-sided non-display element area 
220b of the mask 200 are blocked, the mask 200 is 
shifted to the left, and a second exposure process to the 
photoresist layer 302 is performed using the pattern of 
the display element area 210. Therefore, the pattern of 
the display element area 210 of the mask 200 (including 
the pixel pattern 212 and the driving element bonding 
patterns 214) is transferred to the photoresist layer 302. 
Moreover, in the photoresist layer 302, the pixel pattern 
image 312a transferred from the display element area 210 
of the first exposure process must be precisely connected 
and aligned with the pixel pattern image 312b transferred 
from the display element area 210 of the first exposure 
process. 

[0033] Referring to FIG. 4d, the left-sided non-display element 
area 220a and the display element area 2 10 of the mask 



200 are blocked, and an exposure process to the pho- 
toresist layer 302 is performed by using the pattern of the 
right-sided non-display element area 220b. Therefore, 
the pattern of the right-sided non-display element area 
220b of the mask 200 (including the peripheral circuit 
patterns 222 and the stitching pixel pattern 224) is trans- 
ferred to the photoresist layer 302. Moreover, in the pho- 
toresist layer 302, the pixel pattern image 312b trans- 
ferred from the display element area 2 10 of the mask 200 
must be precisely connected and aligned with the stitch- 
ing pixel pattern image 324 transferred from the right- 
sided non-display element area 220b of the mask 200. 
[0034] Referring to FIG. 4e, a development process is performed 
to pattern the photoresist layer 302. Finally, peripheral 
circuit patterns 322a, stitching pixel patterns 324a, pixel 
patterns 312c, 312d and driving element bonding pat- 
terns 314a are formed, in which the stitching pixel pat- 
terns 324a are connected with the pixel patterns 312c and 
312d. 

[0035] | n the above-described embodiment, by using the pat- 
terned photoresist layer as an etching mask, an etching 
process is performed to etch the film layer 301 of the 
substrate 300 to form the thin film transistor array sub- 



strate of the present invention. 
[0036] FIG. 5 is a schematic drawing illustrating a flat panel of 

the thin film transistor array substrate. As shown in FIG. 5, 
the thin film transistor array substrate 400 includes, for 
example, but not limited to, a substrate 300, a first pixel 
structure 412a, a second pixel structure 412b, driving el- 
ement bonding areas414, peripheral circuits 422 and 
stitching pixel structures 424. The first pixel structure 
412a and the second pixel structure 412b are connected 
along the junction line A2, and a panel-display area 410 
(the area surrounded by the dotted line in FIG. 2) of the 
thin film transistor array substrate 400 of the present in- 
vention is constructed. Moreover, the stitching pixel 
structures 424 are connected with the first pixel structure 
412a and the second pixel structure 412b along the junc- 
tion line Al and A3 in the non-panel-display area 412 re- 
spectively. Therefore, the trace in the panel-display area 
410 generated by the alignment errors during the connec- 
tion of the first pixel structure 412a and the second pixel 
structure 412b with the stitching pixel structure 424 can 
be avoided. 

[0037] Accordingly, when the design of the mask the thin film 

transistor array substrate of the present invention is pro- 



vided for forming the thin film transistor array substrate 
of the present invention. The mask of the present inven- 
tion used for forming the thin film transistor array sub- 
strate of the present invention is provided with connecting 
the stitching pixel patterns in the non-display element 
area with the pixel patterns in the display element area. 
Therefore, the connection area of the conventional pixel 
pattern is shifted to a portion outside the display area of 
the thin film transistor array substrate, in order to reduce 
the generation of the trace during the connection of the 
exposure process. Moreover, in the design of the mask of 
the present invention, the non-display element area only 
includes the peripheral circuit patterns and the stitching 
pixel structure used for the connection of the exposure 
process. Therefore, the area occupied by of the non- 
display element area in the whole mask can be reduced, 
and the area occupied by the display element area in the 
whole mask can be increased relatively. Thus, when the 
exposure process of the thin film transistor array sub- 
strate of the present invention is provided, it is advanta- 
geous that less exposure time for each exposure is re- 
quired to achieve the same display element area of a thin 
film transistor array substrate in compared to that of a 



prior art. Thus, the throughput of the exposure process is 
enhanced. 

[0038] it is noted that, in the above embodiment of the present 
invention, the exposure process of the thin film transistor 
array substrate is accomplished by a one step process in 
the whole process of manufacturing a thin film transistor 
array substrate. Substantially, the whole process of manu- 
facturing the thin film transistor array substrate of the 
present invention includes a plurality of exposure pro- 
cesses by using a plurality of masks, and a plurality of de- 
velopment and etching processes. Moreover, the exposure 
process of the present invention is not only limited in the 
manufacturing of a thin film transistor array substrate, but 
also can be provided for the manufacturing process of a 
variety of semiconductor or microelectromechanical sys- 
tems (MES) components incorporated with an improved 
design of mask. 

[0039] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 



scope of the following claims and their equivalents. 



